












curve). With this structure, one can selectively turn on and off the Fano resonance and create 
dramatically different spectra features by changing the polarization of the incident light. 

The simulated charge distributions of bright mode and dark mode for concentric ring 
apertures with a smaller dimension are illustrated as insets in Fig. 4(a) and 4(b), respectively. 
Typically, we use COMSOL (based on the finite element method in frequency domain) to 
simulate the charge distribution at a particular frequency. But in the THz frequency range, 
due to very large difference between the large wavelength and the small scale of the structure, 
we cannot obtain a meshing in COMSOL that is fine enough to create accurate results and 
smooth plot. So in order to show the typical charge distribution of different modes, we 
simulate the same type of concentric ring aperture structure with a smaller dimension than our 
actual THz structure and thus higher resonant frequency in the mid-infrared range. The 
simulated structure has same dimension as demonstrated in [26], with radii of r1 = 950 nm 
and r2 = 700 nm, widths of w = 100 nm and an edge-to-edge gap between them of d = 150 
nm. The charge distributions for the bright mode (resonating at the center frequency of 982 
cm−1) and dark mode (resonating at the center frequency of 827 cm−1) are shown as insets in 
Fig. 4(a) and 4(b), respectively. We can see the sign of the charge distributions agree with our 
cartoons in Fig. 4(a) and 4(b). 

5. Conclusions 

We demonstrate and characterize a THz Fano resonance in subwavelength concentric two-
ring apertures in metallic films. This resonance arises from the coupling between a dark mode 
and a bright mode enabled by the intrinsic asymmetry between the two concentric rings. The 
measured Q of the dark mode ranges from 23 to 40, with a comparison of Q of bright mode 
staying same at 7. This indicates a stronger field enhancement for the dark mode as compared 
to the bright mode, which could be important for application in sensing, spectroscopy, and 
nonlinear optics. The extraordinary transmission of the two-ring apertures is independent of 
the polarization of the incident light. In a modified structure, however, we show that the dark 
mode can be selectively disabled without affecting the bright mode by varying the 
polarization of the incident light. 
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